Introduction
Composite resin materials are widely used in dentistry because of their advanced specifications and esthetic superiority. Moreover, their clinical advantages, physical and chemical characteristics, and biological dependability make them reliable (1) . The material is usually placed on the teeth in 2 mm layers using the incremental technique as it has been suggested that this method ensures sufficient polymerization and superior clinical results (2, 3) . However, the incremental technique prolongs the period of restoration and increases the risk of air bubbles remaning between the layers and contamination by humidity (4, 5) . These limitations led to the development of a new composite resin type known as "bulk fill" and classified it as "condensable" or "flowable" (6) , which may serve as an alternative to traditional composites. It has been suggested that these materials can increase light transmittance and be polymerized in depths exceeding 4 mm (7, 8) . Although the use of new generation bulk fill composite resins in >4 mm depths may prove to be convenient for physicians, their use is still far from being widely accepted. This is mainly due to the lack of sufficient information on their physical, chemical, and cytotoxic properties in the literature (6) .
Composite resins often do not polymerize completely when using light, and short-chain polymers may remain un-bonded, albeit in small quantities (9, 10) . It has been suggested that there is a significant relationship between leaking, non-polymerized monomers from composite resins and cytotoxic effects (11) . Residual monomers after polymerization, particularly during the initial days and/or later in time, are incorporated into the oral fluids or dietary intake due to breakdown and produce cytotoxic effects (11, 12) . One of the difficulties associated with implanting high volumes of composites is that light may not penetrate to the lower layers, resulting in insufficient polymerization. This leads to the accumulation of monomers within the composite resins and subsequent cytotoxic effects. Previous studies have demonstrated that composite resins release tri-ethylene glycol di-meth-acrylate (TEGDMA) (13) in large quantities, and this may result in cellular damage in the pulp after diffusion through the dentin (14) The amount and growth rates of cultured cells exposed to test materials in in vitro cytotoxicity tests have been previously evaluated, and the test materials were considered to be non-cytotoxic if the cells stuck to the culture plate and continued to proliferate over time (15) . Human dental pulp stem cells (hDPSC) have several advantages, such as easy procurement, minimum ethical problems, high potential of differentiation, ability to restructure tissues when utilized with biomaterials, long-term viability, and safe storage under freezing conditions (16, 17) . Also hDPSC derived from dental pulp can be used in producing odontoblasts and many other cells (18) . The aim of this in vitro study was to evaluate and compare the possible cytotoxic effects of five different new bulk fill composites on hDPSC. The null hypothesis was that bulk fill composite resins are cytotoxic to hDPSC after 24 h.
Materials and Methods

Sample preparation
Five currently available bulk fill composite resins including SDR (Densply, Caulk, Milford, DE, USA), Tetric EvoCeram Bulk Fill (TEC; Ivoclar Vivadent, Schaan, Liechtenstein), X-trafil (XTF; VOCO, GmbH, Cuxhaven, Germany), Sonic Fill (SF; Kerr, Orange, CA, USA), and Filtek Bulk Fill (FBF; 3M ESPE, St. Paul, MN USA) were used in this study (Table1). Composite resin discs were prepared according to the manufacturer's instructions by filling Teflon molds (4 mm in thickness and 5 mm in diameter) with bulk fill composites and then placed on a glass plate. Next, the samples were polymerized for 20 s using Benz LED in the standard mode. The composites were covered with a strip band during light activation. Five samples of each composite were prepared in the same way, and the bulk fill resin composite discs were sterilized under a UV light in a sterile laminar flow cabinet (Class II, Heraus, Hanau, Germany) for 20 min.
Human dental pulp stem cells isolation, culture, and characterization We isolated hDPSCs from a deciduous tooth. The tooth was first washed in an antibiotic-based solution to eliminate any contamination. Soon after extraction, pliers (bone forceps) were used to fracture the dental crown into several parts and the dental pulp was uncovered. The pulp tissue was digested using collagenase type I (SigmaAldrich, St. Louis, MO, USA) to generate a single-cell suspension, and the cells were cultured in MEM-Earle (Biochrom Holliston, MA, USA) containing 15% fetal bovine serum (FBS; Invitrogen/GIBCO, Grand Island, NY, USA) and 100 IU/mL penicillin-100 µg/mL streptomycin (Invitrogen/GIBCO). The cells were seeded into two 25 cm 2 plastic tissue-culture flasks (BD Biosciences, San Jose, CA, USA) and incubated at 37°C in an incubator set to run with 5% CO 2 for 3 days. The stem cells were isolated based on their plastic adherence ability. On the third day, red blood cells and other non-adherent cells were removed, and fresh medium was added to allow further growth. The adherent cells were grown to 70% confluency and were defined as passage zero (P0) cells. Later passages were named accordingly.
Immunophenotypic characteristics of hDPSC were determined using flow cytometry prior to use. The cells were labeled with antibodies against hematopoietic antigens CD34 (hematopoietic progenitor cell antigen CD34; PE), CD45 (protein tyrosine phosphatase, receptor type, C/PTPRC/leucocyte common antigen; FITC), and HLA-DR (major histocompatibility complex, MHC class II, cell surface receptor; FITC), as well as MSC markers CD13 (aminopeptidase N/cadherin; PE), CD29 (integrin β1 chain; PE), CD44 (hyaluronate/lymphocyte homing-associated cell adhesion molecule-HCAM; PE), CD90 (Thy-1/ Thy-1.1-FITC) and HLA-A,B,C (major histocompatibility class I antigen receptor; PE) or their isotype controls. All antibodies were supplied by Becton Dickinson, and flow cytometry was performed using FACSCalibur (Becton Dickinson) (Fig. 1) . The data was analyzed using Cell Quest software (BD Biosciences), and the forward and side scatter profiles were gated out of debris and dead cells. The hDPSC used in this study were subjected to in vitro osteogenic and adipogenic differentiation to establish their mesenchymal origin. For osteogenic differentiation, passage 3 cells were seeded on type I collagen-coated coverslips at a density of 3 × 10 3 cells/ cm 2 and incubated in osteogenic media LG-DMEM (Invitrogen/GIBCO) supplemented with 100 nM dexamethasone (Sigma-Aldrich), 0.05 mM ascorbate-2-phosphate (Wako Chemicals, Richmond, VA, USA), 10 mM β-glycerophosphate (Sigma-Aldrich), 100 IU/ mL penicillin-100 µg/mL streptomycin, and 10% FBS for 28 days. Osteogenic differentiation was assessed by staining with Alizarin Red (Sigma-Aldich, Fluka Chemie AG, Buchs, Switzerland).
In vitro adipogenic differentiation cells from passage 3 (3,000 cells/cm 2 ) were seeded onto type I collagen-coated coverslips (BD Biosciences) in 6-well plates to induce adipogenic differentiation. The adipogenic medium LG-DMEM was supplemented with 10% FBS, 0.5 mM isobutyl-methylxanthine (IBMX-Sigma-Aldrich), 10 ) and stored in an incubator at 37°C and 5% CO 2 for 1 day. Thereafter, the cells were cultured in low-glucose DMEM (LG-DMEM) containing 10% FBS and 0.2% primocin and placed in direct contact with sterilized discs of bulk fill composite resins. he stem cells were also cultured with no composite discs to create positive controls. The number of viable cell were measured using a cell proliferation assay kit on days 1, 7, 14, and 21 of co-culture. Briefly, WST-1 dye (Cell Proliferation Reagent WST-1, Roche) was added to the culture medium of each well (1:10, 10 μL WST-1 dye to 100 μL medium) at the indicated time points. After storage in an incubator at 37°C and 5% CO 2 for 150 min, the absorbance was measured using a monochromatic microplate reader system (VersaMax Microplate Reader, Molecular Devices, Sunnyvale, CA, USA) at 450 nm wavelength.
The data was analyzed using IBM SPSS 17.0 statistics program for Windows. The mean, median, minimum value, maximum value, and standard deviations were calculated. Significance was tested with the MannWhitney U Test. 
Original magnifications: 100× (A), 400× (B). Representative flow cytometry analysis of cell-surface markers on hDPSC in P3 (C). Osteogenic differentiation was indicated by the demonstration of calcified nodules using alizarin red S staining; control (D) and differentiation (E). (Original magnification for D and E = 100×). Adipogenic differentiation can be noted by accumulation of neutral lipid vacuoles in cultures (Oil Red O staining); control (F) and differentiation (G). (Scale bars 50 μm).
Results
The control group in the WST-1 assay comprised cells cultured without the bulk fill composite material discs. In this test, an increase in absorbance indicated that more cells were alive than cells within the experimental groups. When bulk fill composite resins were compared to the control group (Table 2) , the FBF group appeared to exhibit a significantly higher number of cells that were alive on the first day (Fig. 2) . The SDR group showed the least number of cells that were alive on the 7th day, and this was statistically significant, while the XTF group showed the least number of live cells on day 14 and this was also significant. Measurements carried out on the 21st day showed an increase in cell count in all groups, except the SDR group, which exhibited a decrease in cell count, and these results were significantly different from those of the control groups.
Discussion
A thorough understanding of the biocompatibility and physical and mechanical specifications of a material are crucial in dentistry. Non-biocompatible materials may cause different tissue reactions, such as local or systemic toxicity and allergic reactions (19, 20) .
To date, there have been several in vitro cell culture studies that have examined the cytotoxicity of various materials used in dentistry. The various methods used by the researchers included "direct cell contact tests" wherein the dental material and cells were placed in direct contact, "extract tests" wherein the extract was placed in direct contact with the cells, and "indirect contact tests" wherein a barrier was placed in between (21) (22) (23) . A study conducted by Cao et al. compared the sensitivity of these methods and found "extract test" to be the least sensitive of all (24) . In this study, bulk fill composite resin discs were placed in wells wherein the cells were incubated so as to establish direct contact between the two. This was done to observe the effects of the components leaking from the composites on the cells. In in vitro cytotoxicity tests, excessive cytotoxicity and exaggerated findings relative to those seen under clinical situations may be observed as the material and test cells are placed in the closest possible proximity. However, although these methods do not possess exact clinical applicability, they are often used for survey and evaluation purposes (15) . The types of cells used in in vitro studies also plays a crucial role. In resin cytotoxicity studies, pulp fibroblasts, gingival fibroblasts, cells obtained from cattle dental papilla, odontoblast-like cells obtained from mice, and hDPSC are most commonly used (25) (26) (27) . HDPSC can be obtained easily, exhibits high population increase, and readily produces sufficient levels of cellular concentrations for lab tests. These characteristics make them suitable for use in tests attempting to determine the cytotoxicity of dental materials (25, 28) .
Shafiei et al. placed composite resin extracts on pulp fibroblasts and hDPSC to measure cytotoxicity and found that hDPSC were less sensitive to resin monomers than fibroblasts (25) . It has been previously reported that hDPSC protect the pulp regeneration capacity in deep cavities (25) . This study aimed to examine the cytotoxic effects of bulk fill composite resins on hDPSC, which are one of the most commonly affected cells during restorative dental procedures. In addition to MTT assay, WST-1 assay is another frequently used method to determine the cytotoxic effects of materials on cells. It is less toxic to cells and applicators and is also water-soluble, allowing for easy diffusion into the culture. WST-1 assay does not put the continued use of cell cultures at risk, and its application is more easily implemented than of MTT as it does not contain a diffusion stage (16, 29) . For these reasons, recent studies have used WST-1 assays with hDPSC to test the cytotoxicity of dental materials (16, 30) .
Ferracane and Condon stated that residual monomer release occurs within 24 h of polymerization, and substances released after 24 h may be neglected. This suggested that composite materials exhibited cytotoxic effects on tissues within the first 24 h (31). Conversely, our study demonstrated a decrease in cell counts compared to the control group on the 7th, 14th, and 21st days, suggesting that the release of cytotoxic substances from composite resins may continue beyond the initial 24 h.
Monomer releasing lenghts from composite resins are not clear in the literature, thus the investigation of longterm cytotoxic effects in this study using data collected on the 1st, 7th, 14th, and 21st days. The WST-1 assay showed that the average cell count was less in all groups with composite resin disc placement than in the control group, except for the TEC, SF, FBF, and SDR groups on the 1st day. These results suggest that bulk fill composite resins did not display cytotoxic effects on cells on the 1st day.
Residual monomers, rendered inert by the polymerization reaction, may be left in the structure of composite resins after polymerization. In materials with a polymerization stage, toxic reactions increase with the amount of residual monomers (11) . A study conducted by Caughman et al., using the incremental technique, suggested that the cytotoxicity of composite resins was related to the content of filler resins and the placement of composite resins and that higher irradiation intervals could also help lower the cytotoxic effects (32) . Furthermore, insufficient irradiation intervals, inappropriate frequency of light utilized for polymerization of the material, or irradiation of composites that are too thick may result in an increase in residual monomer quantities (33) . Among the bulk fill composites that could be irradiated up to 4 mm thickness and that were used in this study, the cell counts in the XTF and SDR groups were lower than in other groups on different days, suggesting that the quantity of residual monomers after polymerization could have been more in these groups.
A previous study by Moharamzadeh et al. concluded that TEGDMA-based composite resins released high quantities of monomers in aqueous environments as compared to other composite resin monomers, such as Bis-GMA (34) . Based on the manufacturer's instructions on the chemical compositions of the materials used in this study, SDR and XTF included TEGDMA and UDMA concurrently; this is a distinct characteristic compared to the other materials. DMA and TEDGMA may be more toxic than other chemical composites, and this may have been responsible for the decreased cell counts observed in the SDR and XTF groups on the 7th, 14th, and 21st days.
Residual monomers, such as TEGDMA and Bis-GMA, which leaked from composite resins, were shown to induce differential cytotoxicity and apoptosis in human dental pulp cells (35) . Although the mechanisms of this cytotoxicity and apoptosis were not completely explained, recent studies have concentrated on reactive oxygen species (ROS) and glutathione depletion (18, 35, 36) . ROS are defined as molecules that destabilize cellular redox equilibrium, leading to apoptosis-induced cell death (18) . Studies demonstrated that monomers, such as TEGDMA, HEMA, and Bis-GMA, induced ROS production in dental pulp cells (37) . Thus, based on the findings of this study, it can be concluded that resin monomers, released by the bulk fill composite resins, caused ROS production, resulting in cytotoxic and apoptotic effects on hDPSC.
Alshali et al. compared the degree of polymerization of bulk fill composite resins with that of traditional composite resins immediately after light polymerization and 24 h later. They found that composite resin cytotoxicity could be compared based on their degrees of polymerization. Their results showed that the degree of polymerization notably increased in all groups in the post-24 h period, suggesting that the degrees of polymerization in all bulk fill composite resins except FBF could be compared with that of traditional composites. FBF bulk fill composites have been shown to have lower polymerization degrees than acceptable thresholds (38) . Fleming et al. investigated the cytotoxic effects of XTF on non-differentiated pulp cells on the 1st, 2nd, 4th, and 7th days and found that it was a biocompatible material (39) . In this study, the cell counts in the XTF group on the 1st and 14th days were lower than that of the control group, suggesting that XTF may have cytotoxic effects on cells. The results of this study provide preliminary information on the cytotoxic effects of bulk fill composite resins. For our findings to have clinical credibility, further in vitro tests are needed, and the findings should be supported by testing these resins on animals in laboratory settings.
Although bulk fill composite resins provide advantages for practical applications, they are also limited by their cytotoxic properties.
